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Summary
Many organisms persist in populations that are spatially structured by human-induced loss and fragmentation of their native habitats. Despite this, the demographic contributions of local populations to a population network and to the growth rate of such a network are still largely unexplored. Using data on individually marked young and adult female reed buntings ( Emberiza schoeniclus ) from 21 local populations studied over six years in northeastern Switzerland , we examined the source-sink status of small and large local populations with recently developed metrics. We hypothesized that including emigration to the population network (the C r metric) would classify more local populations as sources than when only focusing on the ability of local populations to maintain themselves (the R r metric). We further tested the hypothesis that the relative contribution of small and large local populations to the population network does not differ. The inclusion of emigration to the population network resulted in significantly higher values than when only considering the contribution of local populations to themselves, the difference between the metrics averaging 30%. Despite this, most local populations in our study turned out to be sinks (C r value <1), suggesting that substantial immigration is required for maintaining local populations as well as the entire population network (growth rate of network always <1). Both large and small populations contributed equally to the population network. We conclude that (a) the source-sink status of local populations is more comprehensively described by metrics including emigration (such as C r ) than by metrics focusing on processes within local populations (such as R r ); (b) the network of local populations studied here is not viable without immigration; and (c) small local populations can be as valuable as large local populations in their contribution to a population network.
Background
Many plant and animal species persist as local populations in fragmented habitats throughout human-influenced landscapes. The habitat fragments hosting local populations typically differ in size, quality and connec tivity, all of which may affect the fate of individuals and ultimately the persistence of a potential network of local populations (Hanski 2005 ) . Such networks, often referred to as metapopulations (Hanski 1999 ) or patchy populations (Harrison 1991 ; Matthysen 1999 ) , have been shown to be less extinction-prone than isolated populations, for example because local extinctions are prevented through immigration (the rescue effect ; Brown and Kodric-Brown 1977 ; Stacey and Taper 1992 ) or because empty fragments can be recolonized from nearby local populations (Hanski 2005 ) .
Studies on networks of local populations have often addressed presence/ absence patterns of single or multiple species as well as composition and persistence of species communities. Far less common are studies examining the demography of species occurring in population networks and the consequences of temporal and spatial variation in demographic rates across local populations for the persistence of population networks (see Runge et al . 2006 for a recent review). From ecological and evolutionary perspectives, local populations contributing disproportionately to the entire set of local populations are particularly important, because such local populations may be driving the dynamics of the network and may influence the potential for adap tation (Kawecki 2004 ) . From a conservation point of view, local populations contri -buting most to a population network may be the key targets of management strategies, particularly in times of limited funding for the application of largescale conservation measures.
In his seminal paper, Pulliam ( 1988 ) used habitat-specific demography to distinguish source from sink habitats. Based on reproductive rate and adult and juvenile survival probabilities, the metric λ (lambda ) was calculated, with source habitats having λ > 1 and sinks λ < 1. The relative ease of calculation and the increasing need to distinguish source and sink habitats for conservation purposes resulted in a plethora of studies addressing some aspects of sourcesink dynamics (Runge et al . 2006 ) . However, Pulliam's λ exclusively focuses on processes within habitats or local populations, which is insufficient for assessing source-sink status because emigration is not taken into account. The C r metric recently proposed by Runge et al . ( 2006 ) overcomes this shortcoming by simultaneously assessing the relative demographic contribution of a focal local population to itself and to all other local populations in the network of interest.
We here present results on the demographic status and contributions of local populations of the reed bunting ( Emberiza schoeniclus ) inhabiting wetland remnants varying in size from 2 to 250 ha scattered throughout a highly human-modified landscape in Switzerland . Based on data from six years and 21 local populations, we first examine whether the C r metric and a metric closely related to Pulliam's λ termed R r ("self-recruitment rate"; Runge et al . 2006 ) differ in their assessment of the source-sink status of local populations. The R r metric "represents the ability of a local population to maintain itself through retention and self-recruitment (i.e., in the absence of immigration )" (Runge et al . 2006 ) . Thus, while R r describes net gains of the focal population to itself, C r describes net gains to all local populations collectively (Runge et al . 2006 ) . We hypothesized that emigration was an important component of the population network and thus the C r metric would classify more local populations as sources than the R r metric. Secondly, using the C r metric, we assessed the relative demographic contributions of large and small local populations to the population network. Our initial hypothesis was that local populations inhabiting large fragments would act as demographic sources by producing more offspring and contributing more emigrants to the population network than local populations in small fragments. An alternative hypothesis was that the relative contribution of small and large local populations does not differ, because we have found no differences in reproductive performance and recruitment of reed buntings between small and large fragments in previous research (Pasinelli et al . 2008 ) . Finally, we calculated the growth rate of the entire population network per year to see whether the network is self-sustainable.
Methods

Study species
The reed bunting is a migratory, ground-nesting passerine with a transpalearctic distribution. In Switzerland , reed buntings exclusively breed in wetlands, and the presence of old reed Phragmites sp. is the most important cue for territory establishment (Surmacki 2004 ) by males returning from the wintering grounds in southeastern France (Glutz von Blotzheim and Bauer 1997 ). If old reed habitat (see below for an explanation) is missing, reed buntings will not settle, and the wetland will remain unoccupied throughout the breed ing season. Reed buntings defend small nesting territories, while foraging takes place in undefended areas of wetland vegetation adjacent to the territory .
Radio-tracking revealed that reed buntings do not leave wetlands while foraging, a result independent of wetland fragment size (Silvestri 2006 ) .
Reed buntings are reproductively mature in the first breed ing season after the birth year. Nests are usually placed in tussocks, heaps of old grass, or under broken, horizontal old reed stems within old reed habitat, but as the breeding season progresses, nests are also placed along ditches or in sedge meadows adjacent to old reed patches (35% of a total of 416 nests; Pasinelli et al . 2008 ) . In Central Europe, birds may make up to five breeding attempts per season, but more than two successful nests are rare. Clutch size is 2-6 eggs and generally declines with season. Nesting success is highly variable and is strongly affected by both preda tion and the occurrence of floods.
Study area and local populations
From 2002 to 2005 we recorded reproductive performance of reed buntings in 21 wetland nature reserves scattered over an area of 200 km 2 in southeastern Canton Zurich (47°16′/08°47′), Switzerland ( Fig. 10.1 ). Based on land-use maps from the Cantonal Office for Nature Conservation, these 21 nature reserves represent all the fragments potentially suitable for reed buntings in the 200 km 2 area. The fragments range in size from 1.9 to 247.2 ha (median 10.5 ha, interquartile range 4.2-16.7 ha). All the wetlands in the Canton Zurich are nature reserves and are managed in late summer/fall to prevent natural succession and to fight exotic plant species. As a consequence, reed re-grown during spring and summer is annually cut, except for reed along water bodies. Hence, reed along water bodies has not been cut for several years and has been allowed to build bands or patches of old reed habitat, the preferred breed ing habitat of the reed bunting.
We selected our study area to contain several wetland fragments with sufficient variation in size and degree of isolation on a logistically manageable spatial scale. In addition, the set of wetland fragments is relatively isolated, as there are no fragments hosting more than 20 reed buntings within 20 km of our study area, which is 20 times the natal dispersal distance of the reed bunting as known at the beginning of this study (0.95 km; Paradis et al . 1998 ). The closest extensive breed ing areas of the species are approximately 50 km away along Lake Constance, collectively hosting an estimated number of more than 1,000 breeding pairs (Bauer et al . 2005 ) .
The scattered distribution of the reed bunting reflects the historical, natural patchiness of the preferred habitat (see above), but it is also a consequence of the dramatic landscape alterations that have occurred during the past two centuries throughout Central Europe. Many of the formerly extensive wetlands have been drained in the twentieth century, resulting in substantial loss of reed habitats. In Switzerland , the reed bunting is currently confined to nature reserves typically surrounded by agricultural landscapes, which do not act as barriers to dispersing individuals ), but result in a highly patchy distribution, with habitat fragments hosting 1-200 breed ing pairs (Schmid et al . 1998 ) . For further details on the study area, see Pasinelli and Schiegg ( 2006 ) , Pasinelli et al . ( 2008 ), and Mayer et al . ( 2009 ) .
We defined as a local population the breed ing pairs within each fragment. In the three largest local populations, 20-60 pairs of reed buntings bred annually (Orniplan, unpublished report; G. Pasinelli, unpublished data) . Within the three largest local populations, reproductive performance of at least ten breeding pairs per local population was annually monitored in randomly selected study plots along the lakefront. The study plots had been selected at the beginning of the study in 2002, and the same plots were monitored in all years. In the other 18 local populations, all breed ing pairs present were annually monitored, with the annual number of breeding pairs ranging from 0 to 5. The three study plots in the large local populations as well as the 18 small local populations are referred to as the "intensively monitored study area."
Field procedures
From mid-March to early August 2002 August -2005 , each local population was visited at least twice per week by two observers. Nests were located by standing on ladders and observing females building the nest, leaving the nest, and returning to it during incubation or when the parents were feeding the young. The young were individually color-band ed between nestling days 6 and 9. Given that partial brood loss is rare in the nestling stage (18 of 296 nests; G. Pasinelli, unpublished data), we considered the number of nestlings banded as equal to the number of fledglings, because fledging usually occurs from day 10 onward (Glutz von Blotzheim and Bauer 1997 ). We did not check nests after young had been banded, in order to avoid premature fledging (Glutz von Blotzheim and Bauer 1997 ). Adults were caught with mist nets using playback tapes (males) or at the nest when feeding the young (males and females). After capture, birds were individually color-banded. Over 90% of the study population was color-banded in all study years.
Two blood samples (each max. 50 μl) per individual were taken by puncturing the brachial vein (permission number from the Cantonal Veterinary Office, Zurich: 169/2001) to sex nestlings in order to obtain the number of female fledglings for the demographic analysis (see below). Blood was absorbed with heparinized microcapillaries. Samples were either stored in microcapillaries directly or blown into APS-buffer (Arctander 1988 ) and stored at −20°C. Sexing of nestlings followed the PCR-based method of Griffiths et al . ( 1998 ) .
From May to July 2003-2007, identity of territory owners in the intensively monitored study area was assessed to infer dispersal patterns. Further, we systematically searched for banded birds outside the monitored study plots in the three large local populations and opportunistically in wetlands outside of our 200 km 2 study area. This area outside the intensively monitored study area is below referred to as "outside area." We focused our search for banded reed buntings on wetlands because the species does not use habitats other than wetlands during breeding time in the Canton Zurich. The period between May and July corresponds to the breed ing season of the reed bunting in our study area; individuals observed during that time are considered breeding birds. Non-breeding territorial individuals were extremely rare (G. Pasinelli , unpublished data) .
Calculations of source-sink status of local populations and population growth rate Extra-pair matings are a general feature of the reed bunting's social system, with 54-86% of the nests containing extra-pair young and 30-55% of all nestlings produced being the result of extra-pair fertilizations (Dixon et al . 1994 ; Bouwman et al . 2005 ; Kleven and Lifjeld 2005 ; Keiser 2007 ). Frequencies of extra-pair fertilizations in the reed bunting are among the highest reported to date (Griffith et al . 2002 ) . A few males could therefore, in theory, father most of the offspring, making females rather than males the limiting sex for population growth. We therefore calculated demographic rates, contributions of local populations, and population growth rate of the overall network based on females only.
The source-sink status of local populations was assessed in three ways as follows. First, because the reed bunting population was stage-structured (i.e., consisting of two stages: first-year and adult individuals), an expression similar to the one detailed in Appendix A of Runge et al . ( 2006 ) was used to calculate C r , which is the per capita demographic contribution of local population r to the entire population network in the next time step (here the next year). First-year individuals were birds banded as fledglings in our study area, with "first-year" referring to the time period between fledging and the end of the subsequent breed ing season. Adult individuals were birds first captured and banded as adults in a breeding season. Although Appendix A in Runge et al . ( 2006 ) presented a pre-breeding matrix to calculate C r , we used a post-breeding matrix (see below), with numbers of fledglings (i.e., the first-year birds) and adults counted at the end of the breed ing season (see Caswell 2001 and Morris and Doak 2002 for the difference between prebreeding and post-breeding censuses). Incorporating demographic rates per stage class in the calculation of C r increases realism and should be considered whenever such rates are available. The stage structure required demographic parameters of the stage classes ( k ) to be multiplied by their relative abundance ( w k r , see below) (Runge et al . 2006 : Appendix A). Population projection matrices provide a useful way of presenting stage structure (Caswell 2001 ) . Because a population projection matrix for the many local populations in this study would be too complex to portray, a matrix for two local populations is presented: 
, respectively, being the per capita adult ( A ) female reproduction in local populations 1 and 2, ϕ A 11 and ϕ J
11
, respectively, being the probability that an adult ( A ) and juvenile ( J ) female in local population 1 in one breeding season was alive and in local population 1 in the next breed ing season, and ϕ A 12 and ϕ J 12 , respectively, being the probability that an adult ( A ) or juvenile ( J ) female in local population 1 in one breeding season was alive and in local population 2 in the next breeding season. Note that in the above matrix the ϕ j parameters are multiplied by β A parameters, because per capita reproductive rate of first-year ( β J ) and older females ( β A ) did not differ (G. Pasinelli, unpublished data). The ϕ parameters are transition probabilities, i.e., the product of the apparent survival probability ( S ) and the movement probability ( ψ ), respectively, per stage class (see below for estimation of S and ψ ). To obtain C 1 , i.e., the contribution of local population 1 to the entire population network in the next time step (here the next year), the columns pertaining to local population 1 are added and multiplied by their relative stage-class abundances :
Local population 1 is classified as a source if C 1 > 1 and as a sink if C 1 < 1. Note that Eq. (10.1) is for two local populations, but it can be generalized to C r with many local populations.
Second, calculating C r as just explained can reflect the contribution of different local populations in two years. For example, in the lower-left submatrix of the matrix shown above, the fecundity terms (i.e., ϕ J 12 β A 2 and ϕ A 12 β A 2 ) consist of the transition probabilities ( ϕ J 12 and ϕ A 12 ) from local populations 1 to 2 between year 1 and 2, and of the per capita female reproduction ( β A 2 ) from local population 2 in year 2, a consequence of the post-breed ing approach applied. Hence, the C r value of local population 1 in one year is affected by the reproductive rate of local population 2 in the next year. This problem is universal to all analyses based upon post-breeding matrices. To avoid the mixing of contributions from different local populations and years, we also calculated C r based on equation 6 in Runge et al . ( 2006 ) , reminiscent of a prebreeding approach, as
Third, by removing all terms dealing with transition (i.e., emigration ) probabilities from one local population to another, Eqs. (10.1) and (10.2) simplify to:
with R 1 being the "self-recruitment rate" of local population 1 (Runge et al . 2006 ). R 1 is conceptually similar to Pulliam's ( 1988 ) λ , in that it focuses on the demographic processes within a local population (or habitat patch, fragment, etc.). Local population 1 is classified as a source if R 1 > 1 and as a sink if R 1 < 1. The structured post-breed ing approach to estimating R 1 (Eq. 10.3) is novel, and to make comparisons with C 1 from Eq. (10.1) valid, we used the following year's reproductive rate, as we did with post-breeding C 1 . Growth rate of the entire population network per year ( λ T ) was calculated by summing the annual C r values of the local populations, with C r values weighted by the relative abundance of the respective local populations (counted either pre-or post-breed ing, see above). Note that λ T calculated in this way is ident ical to deriving population growth from a structured population matrix model (see Runge et al . 2006 for details) . Like population growth derived from matrix models, λ T does not account for the effects of immigration.
Estimating demographic rates
Multistate capture-mark-recap ture models were used to estimate probabilities of encounter ( p ), apparent survival ( S ) and movement ( ψ ) between local populations. Since individual identification occurred by resigh ting rather than recapture, the models in fact are capture-mark-resighting models, but were parameterized statistically as the multistate models detailed in Hestbeck et al . ( 1991 ) . An important point is that S reflects apparent survival (combined probability of true survival and fidelity to the study area), because some emigrants will always be missed (unless the study species can be perfectly surveyed). Thus, S is less than the rate of true survival, which is true both for every local population and for entire patchy populations or metapopulations. In consequence, transition probabilities ( ϕ ) represent minimum estimates, because ϕ parameters are products of S and ψ .
Multistate capture-mark-resigh ting histories were constructed for each banded female (fledglings and adults), with the state referring to the three large local populations (L1, L2, L3), the 18 small local populations pooled into one category (S) and the outside area (X). Small local populations had to be pooled because it was not possible to reliably estimate p , S and ψ for local populations hosting only very few breed ing pairs. The category X was included to improve estimation of transition probability (and hence survival probability), because some fledglings recruited to territories outside the intensively monitored study area. The multistate analyses were based on the fates of 126 adult females and 374 fledgling females followed from 2002 to 2007 (i.e., five resighting occasions).
We used the program MARK 5.0 to estimate p , S and ψ (White and Burnham 1999 ) . Seven models with different structures for S and ψ (constant or variable across states and time) were evaluated ( Table 10.1 ). In contrast, p was allowed to vary with age only because we saw no reason why p would vary across states, and insufficient data precluded estimating p across time. Owing to the small sample size, only additive models in terms of S and ψ were examined. Because we were interested in separately evaluating the source-sink status of each local population category as accurately as possible, ϕ parameters were then calculated by model-averag ing (see below) across the top three models, for which the sum of the Akaike weights was 99.9%. Akaike weights indicate the level of support for a given model by the data (Burnham and Anderson 2002 ) . Goodness-of-fit (GOF) of the fully time-dependent model was determined with the program U-CARE (Pradel et al . 2003 ) , which indicated no lack of fit (χ 2 = 22.1, df = 38, P > 0.98). This implies no lack of fit of reduced-parameter models either, such as the models detailed above in which we were interested.
The annual per capita reproductive rate was obtained by summing the female fledglings produced per local population category per year and dividing by the number of breeding females in the respective local population category in that year. 38 fledglings from 13 nests (out of a total of 214 nests with fledglings) could not be sexed, so we assumed half of those nestlings per nest to be females, based on a 50:50 primary offspring sex ratio in reed buntings in our study area (own unpublished data) and elsewhere (Bouwman et al . 2007 ; Keiser 2007 ) .
The ϕ parameters were calculated based on model-averag ing S and ψ values across the top three models in program MARK. Model-averag ed variancecovariance matrices were also obtained from MARK; these were then used according to the Delta method (Powell 2007 ) to estimate variance. Resampling ( n = 1,000,000) from the beta distribution, based upon the point estimate and variance, was then used to estimate the 95% confidence intervals (CI) for the ϕ s to avoid CIs containing values less than 0. The Delta method was also applied to estimate variances for C and R values, with 95% CIs estimated by 1.96*SE (see Fig. 10.4 ).
Results
Demographic rates
Of the seven models examined, the best-supported one had timeconstant survival S and movement ψ probabilities ( Table 10 .1 ). Based on this model, encounter probabilities ( p ) over all the years and local populations were 0.421 (95% CI 0.235-0.634) for first-year females and 0.736 (0.583-0.847) for adult females. Model-averaged apparent annual first-year female survival ( S ) was 0.103 (95% CI 0.045-0.162). Survival rates differed neither across years nor fragments ( Fig. 10.2 , Table 10 .1 ). Apparent adult female survival was consistently higher than first-year survival, when compared within the same local population categories ( Fig. 10.2 ). Model-averag ed apparent annual adult survival was 0.455 (0.340-0.570). No differences were apparent between years and local populations ( Fig. 10.2 , Table 10 .1 ).
Model-averag ed survival/emigration ( ϕ rs ) and survival/philopatry ( ϕ rr ) rates of first-year females across years and local populations were in the ranges 0.078-0.097 and 0.013-0.025, respectively ( Fig. 10.3 ). rs were larger than ϕ rr of the respective local population category, as indicated by the non-overlapping 95% confidence intervals in Figure 10 .3 . In 2002, the 95% confidence intervals slightly overlapped, although ϕ rs and ϕ rr rates were quite different. Values of both rates varied little across fragments and years ( Fig. 10.3 ). For adult females, model-averag ed ϕ rs rates ranged from 0.054 to 0.063 and ϕ rr rates from 0.375 to 0.424. ϕ rr rates of adults within a local population category and year were always substantially higher than ϕ rs rates ( Fig. 10.3 ). Note that the ϕ rates of both first-year and adult females were very similar across all local population categories, since the two best models did not support differences between local populations ( Table 10.1 ).
Over all years and local population categories, per capita production of female fledglings averaged 1.79 (range 0.73-3.0, n = 16). We found no difference in per capita production across years (Friedman test, χ 2 = 2.1, df = 3, P = 0.557; Table 10 .2 ) or between the local populations (χ 2 = 1.8, df = 3, P = 0.622). ) and survival/philopatry rates ( ϕ rr ) of first-year and adult female reed buntings per local population. ϕ rs rates are the products of apparent annual survival and probabilities of moving from local population r to the other local populations s (diagrams on the left); ϕ rr rates are products of apparent annual survival and probabilities of staying within a local population (diagrams on the right). ϕ rs and ϕ rr rates are based on model-averaging S and ψ values across the top three models in Table 10 .1 ; error bars (95% confidence intervals) calculated with the Delta method (see Methods). Note different scaling of y -axes.
Comparison between R r and C r Based on both R r metrics, all local populations were sinks in every year ( Fig. 10.4 ) . Two possible exceptions were local populations L1 and L2 in 2004, when 95% confidence intervals included 1 for structured R r values (calculated with Eq. 10.3). The inclusion of emigration rates did not change the general source-sink assessment, because most C r metric values and associated 95% confidence intervals were also <1 ( Fig. 10.4 ) 
Temporal and spatial variation in C r
The C r values calculated with Eq. (10.2) did not significantly differ across years (Friedman test; χ 2 = 5.1, df = 3, P = 0.165) ( Fig. 10.4 ) . Likewise, C r values did not differ among the four categories of local populations (χ 2 = 1.8, df = 3, P = 0.622). Thus, on a per capita basis, the relative contribution of the small local populations to the population network was not statistically different from that of the larger local populations ( Fig. 10.4 ) . Note that the respective tests were not possible with C r values calculated with Eq. (10.1), owing to insufficient sample size.
Growth rate of the entire population network
In every year, growth rate λ T of the population network, calculated by summing the weighted annual C r values of the local populations (see Methods), was <1 ( Fig. 10.5 ). That the overall size of the population network (as measured by the number of breeding females) did not decline over the study period implies substantial immigration . The closest large breeding area (>1,000 breeding pairs), which may act as both source of immigrants to and receiver of emigrants from our population network, is approximately 50 km away along Lake Constance. 
Discussion and conclusions
Methodological issues
To assess the source-sink status of local populations, we have used both structured (Eqs. 10.1 and 10.3) and non-structured approaches (Eqs. 10.2 and 10.4) to calculate the metrics C r and R r , the latter being conceptually similar to Pulliam's λ ( 1988 ) (Runge et al . 2006 ) . A structured approach allows examination of the contribution and elasticity of the different stage classes to the overall population growth of the network, which may yield important insights for species conservation (e.g., Caswell 2001 ). A structured approach should thus be used for any population that has observable age or stage classes, but most source-sink studies have so far neglected this point. An operational definition of age or stage structure is the observation of more than one age or stage class in a population. In age-classified models, individuals always advance to the next age class. In stage-classified models, individuals may advance, stay in the same stage class, or even regress to previous stage classes (Caswell 2001 ) . In this study, both adults and newborns were observed every year. Because adults stayed in the same class from year to year, this is a stage-class model. Observations occurred post-breeding and thus two stage classes define the population.
One difference between the R r presented in Eq. (10.3) and Pulliam's λ ( 1988 ) is the inclusion of population structure. When populations are structured, the different classes need to be weighted by relative stage-specific abundance if metrics such as C r or R r are to be accurately calculated. As an extreme example, suppose that due to prior overharvesting of adults, a population consists of 99% juveniles and 1% adults. Even if adult survival were 1.0 (after harvest ceased), adults would contribute proportionally little to population growth. Hence the need to account for the different proportions of stage classes in a population.
Despite the advantages outlined above, applying a post-breed ing structured approach to C r can be conceptually challenging, because C r reflects the contribution of the focal population r to the population network through the reproductive contribution of philopat ric individuals the next year ( β A ), the dispersal contribution ( ϕ rs values) and, in addition, the reproductive contribution of emigrants from r in their target populations s ( β A s ) the next year. Thus, C r calculated with the post-breeding structured approach consists of both contributions from r and all the local populations containing emigrants from r . This makes it difficult to examine the potential influence of certain factors characterizing local population r , for example habitat quality or genetic composition, on C r particularly if dispersal is high. Using a non-structured approach in the form of Eq. (10.2) partially circumvents this complication, at the cost of being unable to assess the contribution and elasticities of stage classes and of overestimating C r in organisms that have different vital rates in different stage classes. Note that Eq. (10.2) is non-structured because observations (e.g., population counts) would occur just prior to breeding, when adults and 1-year-olds are inseparable (cf., Morris and Doak 2002 ; Runge et al . 2006 ). Equation (10.2) in this study represents a "pseudo-pre-breeding" approach, because the data were collected according to a post-breeding sampling protocol.
Whether to use a structured or non-structured approach depends on the goals of the analysis. If the contributions and the elasticities of stage classes are of interest, then a structured approach is recommended. If the focus is on the relative contribution of local populations to a network, as in our example, then a non-structured approach in the form of Eq. (10.2) may be appropriate, so long as its use in a structured population does not bias estimates of C r . Note that such bias is circumvented only when these three conditions are met: there are no more than two stage classes (or if more than two stage classes occur, the adult stage classes have identical survival and reproductive rates), reproductive rates between the two stage classes are equal, and stable age distribution is the weight determined to be most appropriate (the use of Eq. (10.2) essentially assumes a stable age distribution).
Ecological conditions of the study system, as well the ecology and life history of the study species, may affect the approach of choice. For example, differences between post-and pre-breeding approaches will increase with temporal variation in vital rates: if a good year for reproduction follows a bad one, the differences between the two approaches can be stark. High emigration rates combined with high spatial variation in reproductive rates will also accentuate the differences between the two approaches. Thus, (detailed) knowledge of the species' ecology and the study system should assist the choice of approach.
By and large, the structured and non-structured approaches gave similar results in our study, in that local populations were almost always classified as sinks. The few possible discrepancies illustrate the complications pointed out above. For example, local population L2 was classified as source in 2004 by the structured C r , but as sink by the non-structured C r . This is because reproduction in 2005 was higher than in 2004 ( Table 10. Both C r contribution metrics (Runge et al . 2006 ) resulted in significantly higher values than the respective R r metrics, with the differences averaging 30%. Depending on the metric used (i.e., C r or R r ), different assessments of the conservation value of local populations or fragments may result, which in turn may have profound consequences for the allocation of resources for conservation and management, and actions taken. This is particularly important when local populations have C r values close to 1, in which case the use of R r may lead to an underestimation of the value of a fragment, if only those with R r > 1 are deemed valuable. Local populations with C r > 1 and R r < 1 depend on immigrants for their continued existence, but at the same time provide emigrants for other local populations. Such situations have been termed "dependent sources" (Hixon et al . 2002 ) and may be very common in highly mobile organisms such as birds (e.g., Sillett and Holmes 2002 ) . We therefore strongly advocate use of the C r metric in addition to R r (perhaps along with other metrics; see Ovaskainen and Hanski 2003 ; Runge et al . 2006 ) in studies attempting to assign source-sink status to local populations.
Source-sink status of local reed bunting populations
We found no support for our first hypothesis that C r would classify more local populations as sources than would R r , as all local population categories turned out to be primarily sinks, irrespective of the metric used to assess source-sink status. One possible explanation for this finding is that estimated transition rates were biased low due to emigration from the sampled area, resulting in incorrect estimates of C r . In mobile organisms, such as birds, it is notoriously difficult to adequately estimate dispersal and emigration (Walters 1998 ; Dunning et al ., Chapter 11 , this volume) . Based on ring recoveries in the UK, mean natal dispersal distance was previously estimated to be 0.95 km (Paradis et al . 1998 ) . Median natal dispersal distance in our study was 4 km (interquartile range: 0.98-5.22 km, n = 30), and the longest natal dispersal event was 12 km (G. Pasinelli, unpublished data). However, the suggestion that young reed buntings may settle much farther from their birthplaces than suggested by our natal dispersal data is supported by a male nestling banded in a local population 150 km away, who settled and bred in the local population L2. Such long-distance dispersal events are probably not uncommon in the reed bunting, because population genetic data indicate high levels of gene flow both within our study area ) and between our study area and other local populations throughout Europe (Mayer 2009 ). Thus, it is possible that the scale of our study area was insufficient to accurately assess C r , because dispersal occurs over much larger distances than those possible within our study area and expected at the beginning of our study. The problem associated with accurately estimating dispersal in spatially limited study sites has long been recognized (e.g., van Noordwijk 1984 ) and may be accentuated in highly mobile organisms such as migratory bird species, in which propensity of natal dispersal is greater than in resident species (Weatherhead and Forbes 1994 ) . Assigning source-sink status to local populations by means of C r and similar metrics requires taking into account the scale of the study area relative to the dispersal capacity of the species; that is, in species with high dispersal capacities, such as the reed bunting, estimation of C r is less accurate than in species with low dispersal capacities. In widely dispersing species, a population classified as a sink within the study area may therefore be a source range-wide.
On the other hand, ϕ rs rates of first-year and adult females from the network would need to be, when averaged over years and local populations, 0.32 (assuming adult ϕ rs as estimated above) and 0.42 (assuming juvenile ϕ rs as estimated above), respectively, to arrive at a C r of 1 for the entire network. In other words, ϕ rs rates of first-year and adult females would need to be, respectively, over 365% and 725% larger than the estimated ϕ rs . Most dispersal events are due to juveniles in their first year of life, while adult dispersal is rare in most species (but see Dale et al . 2005 for an exception), so that underestimation of natal dispersal may be more severe than adult dispersal in our study. Further, assuming ϕ rs of adult females to be zero (i.e., no emigration of adult females within and from the population network), first-year ϕ rs would need to be large to turn the different local populations into sources ( Fig. 10.6 ). The same holds true for adult female ϕ rs (i.e., setting first-year ϕ rs to zero) ( Fig. 10.6 ). Thus, emigration rates from the population network surveyed, as well as dispersal among local populations within the network, would need to be much larger than the observed emigration within the network, suggesting that underestimation of total emigration is unlikely to be the only reason for the sink status of our local populations.
Another explanation for the sink status of most local populations in our study may be low first-year and/or adult female survival. Apparent annual survival of females in their first year of life varied from 0.05 to 0.16 in our study.
Compared with first-year survival rates (both sexes combined) in British reed buntings, our values are on the lower end of those reported by Peach et al . ( 1999 ) and well below those reported by Siriwardena et al . ( 1998 ) . However, the comparison is problematic for at least two reasons. First, both Siriwardena et al . ( 1998 ) and Peach et al . ( 1999 ) based their assessments on juveniles caught during summer in mist nets; that is, they considered only young that had already survived the immediate post-fledgling period, when juvenile mortality has been shown to be highest in several songbird species (Krementz et al . 1989 ; Thomson et al . 1999 ; Naef-Daenzer et al . 2001 ; Yackel Adams et al . 2006 ). Second, reed buntings in Britain are resident (Glutz von Blotzheim and Bauer 1997 ) and hence do not experience mortality during migration as the reed buntings studied here may do. Compared to other passerines, apparent annual first-year survival rates of female reed buntings in our study were rather low (citril finch Serinus citrinella averages around 0.28-0.37, Senar et al . 2003 ; lark bunting Calamospiza melanocorys 0.19-0.25, Yackel Adams et al . 2006 ) . Reduced first-year survival had been implicated in the decline of British reed bunting populations , and thus low first-year survival may be responsible for the sink status of the local populations studied here.
In contrast, adult survival rates estimated in our study (0.38-0.59) were in the range of values reported from British reed buntings (adults of both sexes) by Siriwardena et al . ( 1998 ) and Peach et al . ( 1999 ) and from other passerines based on mark-recap ture analyses (e.g., Lebreton et al . 1992 ; Brawn et al . 1995 ; Powell et al . 2000 ; Peach et al . 2001 ; Senar et al . 2003 ) . We therefore conclude that adult survival was not the primary reason for the sink situation observed.
Finally, reproductive output may have been insufficient. Per capita production of female fledglings ranged from 0.73 to 3.0 per year. Elsewhere, reproductive performance values of the reed bunting were very similar (Glutz von Blotzheim and Bauer 1997 ; Keiser 2007 ), suggesting that per capita reproductive performance was not causing the sink status of the local populations.
Even though most C r values were below 1, the C r metric still provides a measure of relative worth for each local population. For example, all local populations provided emigrants to other local populations, even when classified as sinks. Although we do not know whether some of the emigrants leaving our study area ended up in source local populations, the situation (dispersal away from sinks) is reminiscent of a study on citril finches where higher emigration was observed from sinks to sources than vice versa (Senar et al . 2003 ) .
Our results further imply that small local populations need not be less valuable than large ones, given the very similar C r values of S to L1, L2 and L3 ( Fig.  10.4 ). This contrasts with the general notion that large habitat fragments, patches, local populations, etc. are more valuable than small ones from a conservation point of view (see also Robinson and Hoover, Chapter 20 , this volume) . In fact, small and large wetland fragments have previously been shown to be equally suited in terms of reproduction and recruitment for the reed bunting (Pasinelli et al . 2008 ) . The joint consideration of reproductive, survival, and emigration rates in the C r metric again supports the idea that small local populations can be important components of population networks as well. Consequently, conservation efforts in favor of relatively small local populations may be as valuable as measures taken for larger populations (see also Falcy and Danielson, Chapter 7 , this volume). Finally, simulation studies have consistently shown population networks to be more viable than single populations or networks consisting of relatively isolated local populations (e.g., Stacey and Taper 1992 ; Hanski 2005 ) . Many small local populations may thus be at least as important as a few large populations in terms of long-term persistence of species, for example by providing emigrants to other similar populations, even though each single small local population may be classified as sink.
